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During the last few minutes of the air journey from London 
to Entebbe the observant newcomer is often mystified by what 
appear to be enormous grey- green rivers, some almost a mile 
wide, winding their way into Lake Victoria from an invisible 
distance in the west. These are the swamp valleys which drain 
some 150 miles of the gently sloping country between the wall 
of the Western Rift Valley and the lake. 
A swamp will form in any water which is sufficiently shallow 
and slow-moving to permit the establishment of a characteristic 
vegetation. This, nourished by material washed in from the 
surrounding land, will continue to form new growth while the 
older parts die and partially decompose to form a mass of water­
logged organic matter. The proces s is cumulative and a balance 
is ultimately reached between the production of organic matter 
and the flow of water tending to carry it away. In slow-flowing 
watercourses and stagnant basins the accumulation of organic 
matter and silt may raise the surface of the mud above the water 
level, thus permitting the .establishment of vegetation favouring 
drier conditions and finally of a covering plants resting on an 
accumulation of peat many feet in depth. 
This type of swamp, which develops in ground water and is 
the main subject of this article, differs in several respects from 
the raised bogs which are widespread in Northern Europe. The 
latter, while often beginning their development in a shallow lake 
basin, owe their continued growth largely to the presence of the 
bog moss Sphagnum which is waterlogged directly from abundant 
rain falling from above. The occasional occurrence of Sphagnum 
in Uganda will be discussed later. 
Swamps are more extensive in the tropics than in temperate 
climates because the high temperature and the absence of a cold 
and sunless winter favour the continued and vigorous growth of 
vegetation. If in addition, the configuration of the country is 
such that the drainage is impeded and the water courses are main­
ly slow flowing, immense expanses of swamp may develop. Such 
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branches of a westwardly flowing river. During the Pleistocene 
period (involving the past 300, 000 years or a little more) 
earth movements have made large changes in the distribution 
of the waters in the Victoria basin, but it has always been a 
rather shallow pan some 500 miles wide and deeper towards 
the east where the lake lies. Apart from the Kagera River 
which flows rapidly into the lake from the recently erupted 
Virunga Volcanos, the drainage acros s the western and 
northern part of the basin is through river channels previously 
more rapidly flowing, but now sluggish, choked with swamps, 
and in places flooded out to form small swampy lakes. 
It happens also that in the high mountainous country 
bordering the Western Rift Valley (Kigezi District of Uganda 
and the Belgian Mandated Territory of Ruanda- Urundi) recent 
and local earth movements have levelled many of the river 
valleys, and lava flows have in some places blocked the flow 
of water and flooded the valleys. Such is the origin of Lakes 
Bunyoni and Mutanda. In consequence a country which might 
be expected to be drained by rushing mountain streams is in 
fact intersected by almost level swampy valleys at an altitude 
of 6-8, 000 feet from which the surrounding mountains rise 
precipitously. The extraordinary fact that some of these 
gently sloping highland swamp valleys dischar ge into the lower 
country over a waterfall is an eloquent proof of rejuvenation of 
the lower courses by downfaulting with backtilting and levelling 
of the upper reaches. 
Most of the watercourses of Uganda are therefore stagnant 
or slow-flowing according to the season and are choked with 
swamp vegetation. In most countries subject to soil erosion, 
the materials washed from the surface of the land are carried 
down to the lowlands or even into the sea. The drainage of 
Uganda is mostly into the Victoria basin where the swamps and 
lakes act as settling tanks for the eroded materials. We have 
here therefore large reservoirs of substances which might be 
profitably used in some way for the cultivation of plants and 
animals. 
With this end in view, the Government of Uganda and of the 
Belgian Mandated Territory of Ruanda- Urundi have supported 
inve stigations on methods of exploitation. There is also a 
small research team, supported by the Nuffield Foundation and 
based on Makerere University College Kampala, which is work­
ing on some of the basic problems. Especial attention is being 
paid to the chemistry of the decomposition processes, to the 
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since it is exhausted by the rapid decomposition of organic 
matter in the upper surface of the floating mat. As soon, 
however, as the peat is exposed to the air and allowed to 
dry out it decomposes rapidly by oxidation. 
A typical valley swamp adjoining Lake Victoria is 
fringed with dense forest, an important constituent of which 
is the wild date palm Phoenix reclinata. The forest does 
not extend acros s the lower reache s of the valley, though 
seedlings are often found there. This may be due the 
fluctuations of water level as well as to the practice of 
firing the dead swamp vegetation during the dry season to 
provide fresh growth for thatching and other purposes. 
Papyrus reaches its limit in Uganda at an altitude of 
about 6,500 feet. Above this the upland valleys often have 
deep deposits of peat covered by a monotonous expanse of 
grasses and sedges (Cyperaceae), sometimes relieved by 
tufts of Royal Fern (Osmunda regalis) and the bright heads 
of the Red Hot Poker (Kniphofia spp. ). Higher up in the 
mountains above 10, 000 feet sedges of the genus Carex 
replace the more tropical members of the Cyperaceae. 
During the ascent of Ruwenzori at a stage at which the 
effects of altitude are beginning to tell on the unacclimatized 
climber he is faced with a series of swamp valleys where he 
has to hop from tuft to tuft of Carex runs soroensis or sink 
to his knees in the mud between. 
In certain highland valleys of Western Uganda borings 
have shown the peat layer to be well over thirty feet deep, 
and it may be supposed from our knowledge of the deep peat 
of northern temperate regions that deposition has been in 
progress for several thousands of years. Examination of 
the pollen and of other plant remains preserved at different 
depths might well make a valuable contribution to the recent 
geological, vegetational and climatic history of East Africa. 
Preliminary investigations have in fact shown that these 
highland peats are composed of a mixture of organic material 
and fine silt containing pieces of wood and pollen grains 
which are plentiful, varied and well preserved. Pollen 
analysis is very specialised and time-consuming work, but 
an expert could be found to undertake it, there is little 
doubt that important results would emerge. It is, for instance, 
pos sible that during the wetter and cooler periods in the 
Pleistocene the peculiar flora now confined to the tops of the 
high East African mountains, which includes the giant heaths, 
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usually occupies a narrow zone at the lake edge. Nearer
 
the shore its place is taken by the grasses Miscanthidium
 
violaceum and Loudetia phragmitoides (Lind 1956). Around
 
Lake Victoria the swamp grasses are often burnt to provide
 
fresh rough grazing for cattle.
 
The vast swamps, mainly of papyrus, which choke the 
Nile between Lake Albert and Nimule and again in the Southern 
Sudan, where they are known as "Sudd", are similar to those 
of Lake Kioga ,though the open water is confined to the channel 
of the river which may at times be completely blocked on the 
surface by the floating papyrus mat. 
Temporary wet season swamps are found on the alkaline
 
clayey soils of Northern Uganda, especially those which
 
drain southwards into Lake Kioga. Under the se conditions
 
no peat is formed and there is no papyrus except around the 
edge of the lakes and in more permanent water cour ses. The 
main vegetation is grasses and sedges. The ground is flooded 
in the wet season with large expanses of open shallow water, 
but in dry periods there is extensive pasturage for cattle. In 
some large areas a curious condition has arisen, which is under 
investigation. It apparently results from the combined 
action of cattle and swamp-worms. The soil is heaped into 
mounds some two feet high and a similar distance apart, 
which are mainly composed of the castings of swamp worms 
thrown up during the floods. In the dry season the grass 
Setaria trinervia is confined to the tops of these mounds, 
the ground between being trampled flat by cattle and devoid 
of vegetation. Though the worms undoubtedly improve the 
quality of the soil in the mounds as shown by chemical analysis 
of exchangeable bases, the result of this combined operation 
is to reduce the amount of good grazing. An experiment in 
which the mounds were removed from a small area resulted 
in the appearance of another gras s (Echinochloa pyramidalis) 
not previously found growing on the mounds (Wasawo and Visser 
1959). 
Some physiological problems presented by the major
 
swamp plants are of great interest and importance. Hydro­

logists concerned with water conservation and irrigation
 
in the Nile Valley have for many years been attempting to
 
estimate the amount of water lost by transpiration from the
 
vast areas of papyrus swamp in the Upper Nile. There is
 
no doubt that the los s is enormous and of considerable
 
practical significance, but so far no really satisfactory means
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Decomposition processes under swampy (i. e. waterlogged) 
conditions and the formation of peat have been investigated 
in temperate climates for some years. Much of the organic 
matter is converted through a series of stages into so­
called humic acids which are colloidal substances 
pIaying an important part in increasing the water 
properties of the soil. They are adsorbed to the surface 
of the soil particles and exchange their hydrogen ions for 
those of the metallic ions in the water which are thus con­
centrated on these surfaces and are more easily taken up 
by plants. The humus soils derived from swamps, 
such as the Swedish fens, which are irrigated with ground 
water, provide abundant available ions, are alkaline 
(ph 6.0 - 8.0), and are generally very fertile. On the 
other hand raised bogs are those whose catchment area 
is small and which contain water derived directly from 
rain which is deficient in salts. The hydrogen ions are 
then not exchanged and the reaction may be very acid 
(pH 6.0 - 8.0), yielding conditions in which only certain plants 
such as Sphagnum are capable of living . (Gorham 1957, 
Newbould 1958). 
In tropical swamps the higher temperature and the 
particular species of plants are the two factors which 
might be expected to make conditions somewhat different 
from those temperate climates. The seasonal character 
of the rainfall even in the wettest regions and the high rate 
of evaporation, especially in the dry periods, would seem 
to prevent the development of raised bogs, though we cannot 
yet be certain that these do not exist in the alpine regions 
of the high East African mountains. The Sphagnum bogs 
known to us in Uganda are not "raised" but are in contact 
with ground water of low salinity. In small volcanic craters 
on high hills or at the apex of extinct volcanos such as 
Mghingia (11,000 ft.) on the Uganda - Congo border, Sphagnum 
bogs may develop because, owing to the extremely small 
catchment area, the ground water has little chance to 
gather salts. 
On the other hand most of the waters of East Africa, 
including those of the Great Lakes ,are alkaline due to sodium 
carbonate and most of them are rather saline. Lake Victoria, 
which provide s the water- supply for Kampala, has a salinity of 
about 35-40 parts per million and a pH of 8.0 to 9.0 according 
to the intensity of photosynthesis. It is therefore very 
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hind end is at frequent intervals protruded above the mud 
and a dorsal groove richly supplied with blood vessels absorbs 
oxygen from the air. The groove then folds up to form a 
tube open to the air behind, and the hind end is withdrawn 
into the mud leaving the opening to this temporary "lung" 
in communication with the air above. The haemoglobin 
in the blood is well adapted to the conditions under which it 
has to function in that its affinity for oxygen is abnormally 
high and it is unaffected by carbon dioxide which reduce s 
the oxygen carrying capacity of most other haemoglobins. 
It is likely to encounter a high concentration of carbon dioxide 
in the surrounding decomposing organic matter. The fact 
that under certain conditions in the laboratory it can live 
for several days without 0xygen leads to some speculation 
on the function of the aerobic respiration which it normally 
practises. It is possible that its primary source of 
energy is an anaerobic breakdown and that oxygen is used 
mainly to remove the oxidation the toxic substances produced 
anaerobically which cannot easily difuse away into the mud 
(Beadle 1957). 
The intense chemical reduction proceeding in the de­
composing organic matter affects also the open pools and 
channels inside the papyrus forest. The water in these may 
be quite free of oxygen within less than an inch of the surface, 
and even in the water-lily zone outside a lake-fringing papyrus 
swamp the oxygen may be seriously depleted (Beadle 1932, 
Carter 1955, Fish 1955). To avoid interference from the 
high concentration of reducing substances and the often large 
amounts of particulate or ganic matter a special modification 
has been devised of the customary Winkler method for the 
estimation of dissolved oxygen (Beadle 1958). 
There are many anaerobic micro-organisms which do 
not require oxygen for their supply of energy and several 
worms parasitic in the intestines of vertebrate animals are 
known to have an anaerobic metabolism. But there are 
probably more of the highly organized free-living animals 
than is usually supposed which normally or on occasion 
live in a medium devoid of oxygen and derive their energy 
from anaerobic reactions (Von Brand 1946). Tropical swamps 
provide an admirable opportunity for the study of this problem 
and we have good evidence that certain protozoa, molluscs 
and crustaccea are capable of an anaerobic life at least for 
some time. We are investigating some of these in the 
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decomposition or by the consequent anaerobic conditions in 
the water. We have some evidence that these conditions 
are unfavourable for the early larval stage s gambiae. 
Though they ris e periodically to the surface to take air, the 
length of time during which they are submerged seems to 
be ecologically important and is influenced by the oxygen 
content of the water. This problem is being investigated 
in the laboratory and supplemented with measurements of 
the respiration of single larvae in a microrespirometer. 
In general, papyrus swamps which have been disturbed 
in any way tend to produce more mosquitos. Papyrus is 
regularly cut for matting and thatching and is burnt at 
intervals to remove old stalks and to stimulate fresh growth. 
Regeneration to full height is complete in about four months. 
We have found that removal of the stalks by cutting temporarily 
increases mosquito breeding which declines as the plants 
regenerate, but burning seems to reduce breeding very 
greatly and the effect persists for several weeks (Goma 1958). 
The pos sibility that swamps are an important source 
of human bilharzia and related Trematode diseases of 
animals leads us to consider the snails which carry the se 
parasites. * The extensive papyrus swamps around Kampala 
harbour very few species of molluscs and this is presumably 
due to the scarcity of green submerged vegetation upon which 
most snails feed, but open pools exposed to the sun outside 
the dense papyrus can afford very favourable conditions for 
many species. 
Though not a carrier of trematode parasite s, there is 
an interesting bivalve mollusc Fisidium sp. which is unable 
to breathe air but can survive long periods without dis solved 
oxygen. The commonest snail species are the giant amphibious 
Fila ovata, which has both a lung and gill, and Biomphalaria 
Planorbis) sudanica one of the flat rams horn snails with a 
lung and with blood containing haemoglobin which can act a 
reservoir of oxygen. The species of the genus Biomphalaria 
are known to carry Schistosoma mansoni the trematode 
worm causing intestinal bilharzia in man, which is the common 
form of bilharzia in Uganda. The snail can become infected 
only when the water is contaminated with human faeces which 
•	 The snails found in Uganda carry a great variety of Trematodes which infect many 
kinds of animals and a great number of them have not yet been identified. There 
Schistosomes (bilharzia) which infect cattle and other mammals. 
reptiles, birds and even fish. 
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water, the humid atmosphere in the papyrus forest provides 
an excellent environment. 
Of the very large humber of birds the most typical of 
swamps are the gallinules, squacco herons and jacanas 
{lily-trotters) whose elongated toes enable them to walk on 
water-lil y leaves and other floating vegetation. Most 
remarkable is the large whale headed stork with its enormous 
shoe-shaped bill, which may be seen standing like a sentinel 
on the floating papyrus islands of Lake Kioga. 
The swamps fringing the lake shores are traversed by 
channels made by hippopotamuses on their journeys between 
the open water in which they live during the day and the land 
upon which they wander at night in search of grazing. But 
the only truly swamp mammal is the swamp-buck or 
Sititunga (Limnotragus spekei) whose much elongated h()oves 
enable it to walk on a rather insecure and floating substratum. 
It is a very shy creature which spends the da y in the depths 
of the swamps and is seldon seen except in the early morning 
when returning from its nocturnal grazing on land, but it is 
not uncommon around Lakes Victoria and Kioga and along the 
Nile. 
It is not surprising that some thought has been given to 
possible means for economic exploitation of the vast areas 
of swamp land in Uganda. In a recent survey of water 
resources (Gibb 1955) suggestions were made for the drainage 
of certain areas for the large scale cultivation of rice and 
sugar cane. Some drainage of swamp valleys by channelling 
to produce land for pasture, crops and tree plantations has 
in fact already been done in some parts of the country, but 
large scale operations will involve much capital expenditure 
and the economic prospects for such ventures are still in 
doubt. 
In a few places in the western highlands drainage has 
produced a completely sterile soil in which no plant will grow. 
This has occurred in swamps where there is abundant sulphide 
derived by reduction of sulphate from local rocks. Oxidation 
to sulphuric acid occurs as the soil dries which consequently 
becomes extremely acid (pH less than 2.5), and toxic quantities 
of iron, aluminium and manganese are brought into solution. 
The original state of reduction is restored by waterlogging 
and the soil again becomes fertile. This condition is certainly 
not widespread but it emphasises the need for some caution in 
launching a scheme of large scale drainage (Chenery 1952). 
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by making provision for a flow-through of water. There is 
much research to be done on methods best suited to the great 
range of conditions in the country and on the possible effects 
on the incidence of malaria and bilharzia, but this is without 
doubt a promising method of exploitation which, like cultivation 
of crops on raised beds, does not involve lowering the water 
table. Since the basis of the economy of Uganda is, and is 
likely to remain for a long time, the peasant farmer, it would 
seem that these two simple techniques by which all the basic 
nutritional needs can be satisfied and additional cash crops 
can be grown have the most hopeful future, provided that 
there is adequate control of malaria and bilharzia. Further 
research may well make more feasible some large scale 
exploitation of swamps in certain areas by drainage for 
cultivation of crops or for pasturage, by cropping swamp 
plants for special purposes, or perhaps by extracting some 
valuable substance not yet discovered which is being produced 
by the processes of decomposition. 
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